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(57) Compounds represented by general formula [I] 





C I 3 



or salts thereof, wherein R 1 represents alkyl; R 2 represents halogeno, alkylsulfonyl, etc.; R 3 and R 4 each rep- 
resents Ci.s alkyl or C^e haloalkyl; and R represents hydrogen or alkyl. Compositions containing the compounds 
represented by formula [I] are useful as herbicides having selectivity corn and wheat. 
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Description 

Field of Invention: 

[0001 ] The present invention relates to a novel pyrazole derivative substituted by a benzoyl group at the 4-position of 
a pyrazole ring, and a herbicide. 

Background Art: 

[0002] In WO 93/18031 Gazette, a compound of formula [II]; 



(in 



is disclosed as an active component of a herbicide having a pyrazole skeltone substituted by a benzoyl group at the 4- 
position of its pyrazole ring. 

[0003] On the other hand, in WO 96/26206 Gazette, a compound of formula [III]; 





cm 3 



is disclosed. 

Disclosure of the Invention: 

[0004] It is an object of the present invention to provide a herbicide which can be advantageously synthesized on an 
industrial scale, which is firmly effective with a lower dosage thereof and is highly safe, and which has a higher selec- 
tivity in its herbicidal activity between weeds and crops. 

[0005] The present invention is directed to a herbicide which contains, as an effective component, a 4 -benzoyl pyra- 
zole compound, structurally characterized in that the 3-position of a benzoyl moiety represented by a general formula 
[I] is substituted by a heterocycle, and a substituent at the 2-position is a C-|. 6 alkyl group. 
[0006] That is to say, the present invention is directed to a compound of formula [I] or a salt thereof; 



C I 




wherein R 1 is a C^ 6 alkyl group, R 2 is a halogen atom, a C-t-e alkylthio group a C v6 alkylsulfinyl group or a C^.q alkyl- 
sulfonyl group, R 3 and R 4 are each independently hydrogen, a C^e alkyl group or a C-|.6 haloalkyl group, and R is a 
hydrogen atom or C-i-s alkyl group, and a herbicidal composition comprising such compound or such salt. 
[0007] Now, the present invention is described in detail in the following. 
[0008] The present invention is directed to a pyrazole compound of formula [I]; 
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10 

and a herbicidal composition comprising said compound as the active component. 
[0009] In formula [I], R 1 is a C-,. 6 alkyl group, such as methyl, ethyl, propyl, isopropyl, butyl and t-butyl. 
[001 0] R 2 is a halogen atom, such as fluorine, chlorine ad bromine, a C^ 6 alkylthio group, such as methylthio, ethyl- 
thio, propylthio and isopropylthio, a C v6 alkylsulfinyl group, such as methylsulfinyl, ethylsuffinyl, propylsulfinyl and iso- 
15 propylsulfinyl, or a C-|_ 6 alkylsulfonyl group, such as methylsulfonyl. ethylsulfonyl. propylsulfonyl and isopropylsulfonyl. 
[0011] R 3 and R 4 are each independently hydrogen, a C|_ 5 alkyl group, such as methyl, ethyl, propyl, isopropyl, butyl 
and t-butyl, or a C^s haloalkyl group, such as trifluoromethyl and trifuloroethyl. 

[0012] R is hydrogen or a C V 6 alk Y l Q ( oup, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl and t-butyl. 
20 (Manufacturing of Compounds) 

[001 3] The compounds according to the present invention can be prepared pursuant to the following reaction process. 
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wherein R 1 , R 2 , R 3 , R 4 and R are as defined above, and Q is a halogen atom, an alkylcarbonyloxy group, an alkoxycar- 
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bonyloxy group or a benzoyloxy group. 

[0014] In the process illustrated above, compounds of formulas [IVa] and [IVb] can be respectively obtained by react- 
ing a compound of formula [VII] in an amount of 1 mol with a compound of formula [Va] in an amount of 1 mol, wherein 
Q is as defined above, provided that an excessive amount either of the compound of formula [VII] or the compound of 
5 formula [Va] may be used in the said reaction, in the presence of a base either in an amount of 1 mol or in an excessive 
amount. 

[001 5] As an example of the base which can be used in the reaction described above, an alkali metal hydroxide, such 
as KOH and NaOH, an alkali metal carbonate, such as sodium carbonate and potassium carbonate, an alkali earth 
metal hydroxide, such as calcium hydroxide and magnesium hydroxide, an alkali earth metal carbonate, such as Cai- 
ro cium carbonate, a tri(C 1 . 6 alkyljamine, such as triethylamine and diisopropylethylamine, an organic base, such as pyri- 
dine, and sodium phosphate, etc. can be given. 

[001 6] Furthermore, as an example of the solvent to be used in the reaction described above, water, methylene chlo- 
ride, chloroform, toluene, ethyl acetate, dimethylformamide (DMF), tetrahydrofuran (THF), dimethoxy ethane (DME), 
acetonitrile and the like can be given. 

is [001 7] The mixture prepared for the reaction described above is stirred at a temperature range of from 0°C to a boiling 
point of the solvent used for a duration until completing the said reaction. In addition, the react ion can be carried out in 
a two-phase system while using a phase -transfer catalyst, such as a quaternary ammonium salt. 
[0018] Furthermore, the compounds of formulas [IVa] and [IVb] can also be obtained by reacting the compound of 
formula [VII] and a compound of formula [Vb] in the presence of a dehydrocondensing agent, such as dicyclohexylcar- 

20 bodimide (DCC). Examples of the solvent which can be used in the reaction with DCC or the like include methylene 
chloride, chloroform, toluene, ethyl acetate, DMF, THF, dimethoxy ethane, acetonitrile and t-amylalcohol. The reaction 
mixture is stirred at a temperature range of from -10°C to a boiling point of the solvent used until completing the reac- 
tion. The reaction mixture can be treated pursuant to a customary method. 

[0019] The compounds of formulas [IVa] and [IVb] are used as a mixture in the following transition reaction. The tran- 

25 sition reaction can be carried out in the presence of a cyano compound and a mild base. That is to say, the compound 
of formula [I] can be obtained by reacting a mixture of the compounds of formulas [IVa] and [IVb] in an amount of 1 mol 
with a base in an amount of 1 to 4 mol, preferably 1 to 2 mol and a cyano compound in an amount of 0.01 to 1 .0 mol, 
preferably 0.05 to 0.2 mol. As the base which can be used herein, any of the above-mentioned bases can be used. In 
addition, as examples for the cyano compound, potassium cyanide, sodium cyanide, acetone cyanohydrin, hydrogen 

30 cyanide and a polymer containing potassium cyanide are given. If adding a small amount of a phase-transfer catalyst 
such as crown ether, the reaction can be completed in a shorter period of time. A reaction temperature is less than 
80°C, preferably in the range of from room temperature to 40°C. As examples for the solvent described above, 1, 2- 
dichloro ethane, toluene, acetonitrile, methylene chloride, chloroform, ethyl acetate, DMF, methyl isobutyl ketone, THF 
and dimethoxy ethane are given. 

35 [0020] Furthermore, this transition reaction can also be carried out in a solvent in the presence of a base, such as 
potassium carbonate, sodium carbonate, triethylamine and pyridine. The amount of the base to be used in the reaction 
is in a range of from 0.5 to 2.0 mol based on the compounds of formulas [IVa] and [IVb], and as a solvent to be used in 
the reaction, THF, dioxane, t-amylalcohol and t-butylalcohol can be used. A reaction temperature is in a range of from 
room temperature to a boiling point of the solvent used. 

40 [0021] In addition, a similar transition reaction can also be proceeded by adding a cyano compound and a base as 
described above to the reaction mixture without isolating compounds of formulas [IVa] and [IVb]. 
[0022] Furthermore, the compound of formula [I] can also be obtained by using a base together with a dehydro- 
condensing agent such as DCC without isolating compounds of formulas [IVa] and [IVb]. As examples for the base said 
above, potassium carbonate, sodium carbonate, triethylamine and pyridine are given. The amount of the base to use is 

45 in a range of from 0.5 to 2.0 mol based on the compound of formula [VI!]. In addition, as examples for a solvent usable 
in this reaction, THF, dioxane, t-amylalcohol, t-butylalcohol, etc. are given, and a reaction temperature is in a range of 
from room temperature to a boiling point of the solvent used. 

[0023] 5-hydroxypyrazole compounds of formula [VII] can be prepared according to the following reaction processes, 
which are described in Japanese Patent Application Laid-open No. Sho 62-234069 Gazette and Japanese Patent Appli- 
so cation Laid-open No. Hei 3-44375 Gazette. 
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(b ) 

(HjC0) 2 CHCH 2 C0 2 CH 3 * (H,C0) 2 CHCH 2 C0NHNH a 



-» (HjCO) 2 CHCH z C0NHN=C-CH 2 CHCCH ;J )z 

CH; t 

~> (H 1 C0) 2 CHCH 2 C0N-N = C-CH 2 CH(CH 3 )2 ~> N 

i i ^ 

R CHa 



N 0 
R 



[0024] An aldehyde compound of formula (3) and a carboxylic acid compound of formula (4), which are important syn- 
thetic intermediates in the manufacture of the compound according to the present invention, can be prepared according 
to the following reaction formula. 

R 1 R l R 1 

25 ( 1 ) ( 2 ) ( 3 ) 

R l 

R 6 0 2 C ^^^COOH 




■8 



2 



( 4 ) 



wherein R 1 and R 2 are as defined above, R 6 is hydrogen or a lower alkyl group, and W is a halogen atom. 

35 [0025] The aldehyde compound of formula (3) can be prepared from a toluene derivative of formula (1 ) according to 
a known method, for example, a method to subject with either of a single halogene substance such as chlorine and bro- 
mine, or a halogenating agent, such as N-bromosuccinimide (NBS) and N-chlorosuccintmide (NCS) in the presence of 
light or a radical reaction initiator such as benzoyl peroxide to obtain a benzyl halide derivative of formula (2), then con- 
verting it in accordance with a method described in J. Am. Chem. Soc, Vol. 71, p. 1767 (1949) to the aldehyde com- 

40 pound of formula (3). More specifically, the aldehyde compound of formula (3) can be prepared by reacting a benzyl 
halide derivative of formula (2) with an alkali metal salt of a nitroalkane such as 2-nitropropane in an alcohol solvent, 
such as methanol and ethanol. at a temperature of from 0 °C to a boiling point of a solvent used. 
[0026] Next, the carboxylic acid compound of formula (4) can be prepared from a toluene derivative of formula (1 ) by 
an oxidation reaction of potassium permanganate or the like, or alternatively it can be prepared from the aldehyde com- 

45 pound of formula (3) according to a known method employing an oxidation reaction with any of Jones reagent, chromic 
acid, potassium permanganate or the like. 

[0027] Furthermore, by using both aldehyde compound of formula (3) and carboxylic acid compound of formula (4), 
intermediates as shown hereinbelow can be prepared. 
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wherein R 1 . R 2 and R 6 are as defined above, R 7 is a lower alkyl group, and R 4 is hydrogen or a lower alkyl group. 
20 [0028] A corresponding acyl compound of formula (6) cam be obtained by firstly preparing am alcohol compound of 
formula (5), which cam be prepared in a reaction of an aldehyde compound of formula (3) with Grignard reagent, and 
subsequently oxidizing the alcohol compound of formula (5) with any of activated manganese dioxide, chromic acid and 
the like. 

[0029] A vinyl ketone compound of formula (10) can be prepared by reacting the aldehyde compound of formula (3) 
25 with a methyl ketone compound of formula (7) in the presence of a catalyst at a temperature of from 0 to 100°C for 1 to 
50 hours in a solvent, such as water, toluene and chloroform, or a mixed solvent consisted of water and toluene, chlo- 
roform, etc. to obtain an aldol compound of formula (8), and then dehydrating the aldol compound in the presence of a 
catalyst in a suitable solvent. As examples for the catalyst used in the reaction for preparing said aldol compound of for- 
mula (8), a metal hydroxide, such as sodium hydroxide and barium hydroxide, and an organic base, such as piperidine 
30 and pyridine are given. 

[0030] Furthermore, as examples for the catalyst which can be used in the dehydration reaction described above, an 
acid, such as concentrated sulfuric acid and p-toluenesulfonic acid are given. In addition, as examples for the solvent 
used in said dehydration reaction, a hydrocarbon, such as benzene and toluene, and a halogenated hydrocarbon, such 
as dichloromethane and chloroform, are given. 
35 [0031 ] The vinyl ketone compound of formula (10) can also be prepared by reacting an aldehyde compound of formula 
(3) with a phospholane compound of formula (9) in a suitable solvent at a temperature range of from room temperature 
to a boiling point of a solvent used for a period of 10 minutes to 30 hours. 

[0032] A p-diketone compound of formula (12) can be prepared according to the following process. 



R ! . R l 

R B 0 2 C ^ ^ ^COOH ^ R 6 0 2 C ^ ^COCI 



"R 2 v R 2 
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i) V ' a OR" (13) R 6 0 2 C ^ A. ^ ^ ^ 
+ Mg(0R 9 ) 2 IT R :l 



1TF 

(12) 

wherein R 1 , R 2 , R 3 and R 6 are as defined above, and R" and R 9 are each independently a lower alkyl group. 
55 [0033] In the reaction process as shown above, a carboxylic acid compound of formula (4) is reacted with a chlorin- 
ating agent, such as phosgene, thionyl chloride and oxalyl chloride, in an inert solvent, such as a hydrocarbon like ben- 
zene or toluene and a halogenated hydrocarbon like methylene chloride or chloroform, to prepare a carbonyl chloride 
compound of formula (1 1) which is an intermediate. 



6 
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[0034] Then, a p-diketone compound of formula (12) can be prepared by reacting a carbonyl chloride compound of 
formula (11) with a magnesium salt of a p-ketoester compound (13), which salt can be obtained by subjecting a p- 
ketoester compound of formula (13) to a reaction with magnesium alcoholate in accordance with a known method. 
[0035] Now, a method for preparing an isoxazole compound, which is an intermediate, is explained hereinbelow. 

(Manufacturing Method 1) 

[0036] 



15 



R 6 0 2 C 




(10) 



R s 0 2 C 



R : 
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20 
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25 [0037] In the react ion process shown above, R 1 , R 2 . R 3 and R 6 are as defined above. 

[0038] An isoxazole compound of formula (15a) can be prepared by firstly reacting a vinyl ketone compound of for- 
mula (10) with a hydroxylamine in an appropriate solvent at a temperature range of from 0 °C to a boiling point of a sol- 
vent used for a period of 0.5 to 5 hours to obtain an oxime compound of formula (14) and subsequently subjecting the 
said oxime compound to both ring closing reaction and oxidation reaction. In this oxime formation reaction, either sul- 

30 fate or hydrochloride of hydroxylamine can be used even without neutralization, however, such hydroxylamine salts may 
be used after neutralizing them by using an appropriate base. 

[0039] As examples for the base used in the reaction, a carbonate, such as sodium hydrogencarbonate and potas- 
sium carbonate, an alkali metal hydroxide, such as sodium hydroxide and potassium hydroxide, a carboxylate, such as 
sodium acetate, a metallic alcoholate, such as sodium methylate and sodium ethylate, and an organic base, such as 

35 triethylamine and pyridine can be given. 

[0040] Furthermore, as examples for the solvent used in the reaction, an alcohol, such as methanol, ethanol and iso- 
propanol, a hydrocarbon, such as benzene and toluene, a halogenated hydrocarbon, such as dichloromethane and 
chloroform, an ether, such as THF and dioxane, a nitrile such as acetonitrile, DMF, pyridine, acetic acid, water, and a 
mixed solvent consisting of two or more thereof are given. 

40 [0041] In the ring closing reaction and the oxidation reaction described above, iodine-potassium iodide, N-bromosuc- 
cinimide or a palladium catalyst can be used, and the objective compounds can be prepared in accordance with a 
method described in J. Amer. Chem. Soc., p. 94 (1972). J. Heterocycl. Chem. , Vol. 14, p. 1289 (1977), and Tetrahedron 
Lett. p. 5075(1977). 

45 (Manufacturing Method 2) 

[0042] 




(12) ( 1 5 > 
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[0043] In the process described above, R 1 . R 2 , R 3 , R 4 and R 6 are as defined above. 

[0044] An isoxazole compound of formula (15) can also be prepared by reacting a p-diketone compound of formula 
(12) with either hydroxylamine or a hydroxylamine salt. This reaction can be carried out in an appropriate solvent at a 
temperature range of from 0°C to a boiling point of a solvent used. In this reaction, an acid, such as sulfuric acid and p- 
toluenesulfonic acid, can also be used as a catalyst. 

[0045] As examples for the solvent used in the reaction, an alcohol, such as methanol, ethanol and isopropanol, a 
hydrocarbon, such as benzene and toluene, a halogenated hydrocarbon, such as dichloromethane and chloroform, an 
ether, such as THF and dioxane, a nitrile such as acetonitrile, DMF, pyridine, acetic acid, water, and a mixed solvent 
consisting of two or more thereof are given. 

(Manufacturing Method 3) 

[0046] 
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[0047] In the reaction process described above. R 1 . R 2 . R 3 , R 4 and R 6 are as defined above, and r, , r 2 and R' repre- 
sent each independently a lower alkyl group. 

[0048] Alternatively, the isoxazole compound of formula (15) can be prepared by subjecting a dialkylaminomethyli- 
dene compound of formula (16), which is obtained by subjecting the 3-acyl compound of formula (6) described above 
35 to a reaction with N.N-dialkylalkylamide dialkylacetal, such as N.N-dimethylformamide dimethylacetal, to a reaction with 
either hydroxylamine or a hydroxylamine salt. 

(Manufacturing Method 4) 

40 [0049] 
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[0050] In the react ion process described above, R 1 , R 3 , R 4 and R 6 are as defined above, and R ' represents a C v6 
alkyl group. 

[0051 ] Furthermore, a benzoic acid compound of formula (1 5b) can be prepared by subjecting a mercapto compound 
of formula R* SH to a reaction with 4-CI compound of formula (1-2) in the presence of a base to obtain a 4-SR' com- 

5 pound of formula (I-3) and by subsequently oxidizing the said 4-SR' compound. 

[0052] As examples for the base used in this reaction, an alkali metal hydroxide, such as sodium hydroxide and potas- 
sium hydroxide, a metallic alkoxide, such as sodium methoxide and sodium ethoxide, a carbonate, such as sodium car- 
bonate and potassium carbonate, a hydride such as sodium hydride, and an organic base, such as triethylamine, 
diisopropylethylamine, 1 ,8-diaza-bicyclo[5.4.0]-unde-7-cene (DBU) and pyridine, can be given. In addition, as examples 

w for the solvent used in the reaction, an alcohol, such as methanol and ethanol, an ether, such as THF and 1 ,2-dimeth- 
oxyethane (DME), an amide, such as DMF and N,N-dimethylacetamide (DMA), dimethyl sulfoxide (DM SO), acetonitrile, 
benzene, toluene and xylene can be given. The following oxidation reaction is carried out subject to an use of either an 
oxidizing agent, for example, a peroxide, such as hydrogen peroxide, peracetic acid, perbenzoic acid and m-chloroper- 
benzoic acid, or a hypochlorous acid, such as sodium hypochlorite and potassium hypochlorite, in an inert solvent 

is including water, an organic acid, such as acetic acid, and a halogenated hydrocarbon, such as dichloromethane, chlo- 
roform and carbon tetrachloride. The reaction can be smoothly proceeded in a temperature range of from room temper- 
ature to a boiling point of a solvent used. 

[0053] Alternatively, a compound of formula (1-3) can be obtained by subjecting a mercapto salt, which is obtained 
beforehand in a reaction with a mercapto compound of formula, R' SH, and a base, to a reaction with a compound of 
20 formula (1-2). 

(Manufacturing Method 5) 

[0054] In addition, a compound of formula (15) can be prepared according to a method described in WO96/26206 
25 Gazette. The following is a method to prepare said compound of formula (15). 




[0055] In the reaction process described above, R 1 , R 2 , R 3 and R 6 are as defined above, Y is Br, I, OS0 2 CF 3 , and M 
is Sn(a C^e alkyl) 3 , B(OH) 2 or ZnCI. 

[0056] Various types of tautomers as illustrated hereinbelow may exist in the compounds of formula [I] according to 
45 the present invention. Therefore, it should be noted that all of these tautomers are falling within the scope of the present 
invention. 
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[0057] The compounds of the present invention and the various intermediates can be obtained by carrying out pur- 
suant to a customary method for post-treatment following to the completion of reaction. 

[0058] Structures of the compounds according to the present invention and the various intermediates for manufactur- 
ing therefor have been determined by using IR, NMR, MS and other available means. 

25 

Best Mode for Carrying Out the Invention 

[0059] Now, the present invention is described in more detail with referring to examples and reference examples 
described in the following, however, the scope of the present invention should not be limited to the one described in 
30 these examples. 

(Example 1) 

Preparation of 1 -ethyl-5-hydroxy-4-[4-methanesulfonyl-2-methyl-3-(3-methyl-1 ,2-isoxazol-5-yl)]benzoylpyrazole 

35 

[0060] 



40 



45 



50 




[0061] 4-methanesulfonyl-2-methyl-3-(3-methyl-1,2-isoxazol-5-yl)benzoic acid in an amount of 1.35 g (4.61 mmol) 
was dissolved in 15 ml benzene, and 0.71 g (5.97 mmol) of thionyl chloride and one drop of pyridine were added, fol- 
55 lowed by stirring for 2 hours under heating reflux. After the solution was allowed to cool, the solvent was distilled off 
under reduced pressure to obtain 1 .43 g of 4-methanesulfonyl-2-methyl-3-(3-methyl-1 ,2-isoxazol-5-yl)benzoyl chloride. 
[0062] 0.38 g (2.6 mmol) of 1 -ethyl-5-hydroxypyrazole hydrochloride and 0.51 g (5.1 mmol) of triethylamine were dis- 
solved in 10 ml of methylene chloride, and 2 ml of a methylene chloride solution containing 0.71 g (2. 3 mmol) of 4-meth- 



10 



BNSOOCID: <EP_0900795A1 _l_> 



EP 0 900 795 A1 



10 



anesuifonyl-2-methyl-3-(3-methyl-1,2-isoxazol-5-yl) benzoyl chloride was then added dropwise at room temperature, 
followed by stirring at room temperature for 1 hour. The resulting reaction mixture was washed with 1 N hydrochloric acid 
and then a saturated sodium chloride solution, and then dried over anhydrous magnesium sulfate, and the solvent was 
distilled off under reduced pressure. The resulting residue was dissolved in 10 ml of acetonitrile, and 0.47 g (4.7 mmol) 
of triethylamine and 0.06 g (0.7 mmol) of acetone cyanohydrin were added, followed by stirring at room temperature 
overnight. The solvent was distilled off under reduced pressure, and the residue was dissolved in ethyl acetate. After- 
ward, the solution was washed with 1 N hydrochloric acid and next a saturated sodium chloride solution, and then dried 
over amhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The remaining crystals 
were washed with methanol to obtain 0.50 g of the desired compound, m.p. = 186 to 189 °C. 

[0063] The representative examples for the compounds according to the present invention prepared as described 
above are given in Table 1 . 
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(Reference Example 1) 

Preparation of methyl 4-methanesulfonyl-2-methyl-3-(3-methyl-1,2-isoxazol-5-yl)benzoate 
5 [0064] 



CH. 9 C M" 3 MBS CH, X C "= 9HjBr 



10 



15 



'PrNO-. CH 3 
> "0 



CH j CHO 



l)Ph 3 P=CHCOCH 3 
20 2)NH 2 0H HC1 




3) I 2 "0"^\ >-SQ 2 CH 3 



25 [0065] 10.8 g (0.045 mol) of methyl 2,3-dimethyl-4-methanesulfonyibenzoate was dissolved in 80 ml of carbon tetra- 
chloride, and 8.3 g (0.047 mol) of N-bromosuccinimide and 0. 1 g of benzoyl peroxide were then added, followed by stir- 
ring for 3 hours under heating reflux. After the solution was allowed to cool, insoluble substance was removed by 
filtration, and the resulting filtrate was washed with an aqueous sodium hydrogen bisulfite solution, and then dried over 
anhydrous magnesium sulfate. Next, the solvent was distilled off under reduced pressure, the residue was purified 

30 through silica gel column chromatography to obtain 6.2 g of methyl 3-bromomethyl-4-methanesulfonyl-2-methylben- 
zoate in a state of crystals. Yield - 43.4%. 

[0066] 2.6 g (0.014 mol) of a methanol solution containing 28% sodium methylate was added to 20 ml of methanol, 
and 1 .3 g (0.015 mol) of 2-nitropropane was added dropwise at room temperature. Next, 4.4 g (0.014 mol) of methyl 3- 
bromomethyl-4-methanesulfonyl-2-methylbenzoate was added, and followed by stirring for 1 hour under heating reflux. 
35 After the solution was allowed to cool, 50 ml of 1 N hydrochloric acid was added to the reaction solution, extraction was 
carried out with ethyl acetate. An ethyl acetate layer was washed with a saturated sodium chloride solution, and then 
dried over anhydrous magnesium sulfate. Next, the solvent was concentrated under reduced pressure to obtain 3.1 g 
of methyl 3-formyl-4-methanesulfonyl-2-methylbenzoate in the state of crystals. Yield = 88%. 

[0067] 30 ml of benzene and then 3.85 g (0.012 mol) of 2-oxopropylidenetri phenylphospholane were added to 3.1 g 

40 (0.012 mol) of methyl 3-formyl-4-methanesulfonyl-2-methylbenzoate, followed by stirring for 1 hour under heating reflux. 
After the solution was allowed to cool, insoluble substance was removed by filtration, and the solvent was concentrated 
under reduced pressure to obtain methyl 4-methanesulfonyl-3-(3-oxo-1-butenyl)-2-methylbenzoate. Methyl 4-meth- 
anesulfonyl-3-(3-oxo-1-butenyl)-2-methytbenzoate thus obtained was dissolved in a solvent of 10 ml of ethanol and 10 
ml of pyridine and 1.1 g (0.016 mol) of hydroxyamine hydrochloride was added, followed by stirring for 1 hour under 

45 heating reflux. The resulting reaction mixture was poured into ice water, and extraction was carried out with ethy! ace- 
tate. Afterward, the resulting ethyl acetate layer was washed with 1 N hydrochloric acid and subsequently with saturated 
sodium chloride solution, and then dried over anhydrous magnesium sulfate. Next, the solvent was distilled off under 
reduced pressure. The thus obtained methyl 4-methanesulfonyl-3-(3-hydroxyimino-1-butenyl)-2-methylbenzoate was 
dissolved in 15 ml of THF, and 15 ml of water containing 1.4 g (0.017 mol) of sodium hydrogencarbonate was added to 

so the solution. Next, an aqueous solution obtained by dissolving 2.5 g (0.015 mol) of potassium iodide and 1.1 g (0.05 
mol) of iodine in 12 ml of water was added, and the solution was heated under reflux for 3 hours under a condition that 
water supply was blocked. The reaction mixture was poured into ice water, and sodium hydrogen sulfite was then 
added, followed by extraction with ethyl acetate. The resulting organic layer was washed with a saturated sodium chlo- 
ride solution, and then dried over anhydrous magnesium sulfate. Next, the solvent was distilled off under reduced pres- 

55 sure. The resulting residue was purified through silica gel column chromatography to obtain 0.84 g of methyl 4- 
methanesulfonyl-2-methyl-3-(3-methyl-1,2-isoxazol-5-yl)benzoate. Yield = 23%. 

1 H-NMR (CDCI 3 , Sppm) ; 2.36 (3H, s), 2.45 (3H, s), 2.92 (3H, s), 3. 98 (3H, s), 6.41 (1 H, s), 8.07 (1 H. d), 8.1 6 (1 H. 
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d) 



(Reference Example 2) 

5 Preparation of methyl 4-methanesulfonyl-2-methyl-3-(3-methyl-1 ,2-isoxazol-5-yl)benzoate 
[0068] 




25 



[0069] 10 g (0.044 mol) of methyl 3-methoxy-2 -methyl -4-methylthiobenzoate was dissloved in 90 ml of methylene 
chloride, and the solution was added dropwise to 90 ml of methylene chloride containing 8.4 ml (0.088 mol) of boron 
tribromide at 5 to 10 °C. After stirring at room temperature for 4 hours, 50 ml of methanol was added dropwise under 
30 ice cooling, and the solution was then washed with water and next a saturated sodium chloride solution. After drying 
over anhydrous magnesium sulfate, the solvent was distilled off under reduced pressure to obtain 9.2 g of methyl 3- 
hydroxy-2-methyl-4-methylthiobenzoate. Yield = 98%. 

[0070] 9.2 g (0.043 mol) of methyl 3-hydroxy-2-methyl-4-methylthiobenzoate was dissolved in 50 ml of acetic acid, 
and 14.8 g (0.130 mol) of 30% hydrogen peroxide was then added, followed by stirring at 80° C for 3 hours. Next, the 

35 reaction mixture was poured into ice water, and precipitated crystals were collected by filtration, washed with water, and 
then dried to obtain 8.8 g of methyl 3-hydroxy-4-methanesulfonyl-2-methylbenzoate. Yield = 83%. 
[0071] 8.8 g (0.036 mol) of methyl 3-hydroxy-4-methanesulfonyl-2-methyl-benzoate was dissolved in 1 00 ml of meth- 
ylene chloride, and 8.3 g (0.1 1 mol) of pyridine was added. After the solution was cooled to 0 °C, 12. 2 g (0.043 mol) of 
anhydrous trif luoromethanesulfonic acid was added. After stirring at room temperature for 1 hour, the reaction mixture 

40 was washed with 1 N hydrochloric acid and subsequently with saturated sodium chloride solution, and then dried over 
anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure to obtain 13.5 g of methyl 4-meth- 
anesulfonyl-2-methyl-3-(trifluoromethanesulfonyl)oxybenzoate. Yield = 99%. 

[0072] 1 .65 g (4.4 mmol) of methyl 4-methanesulfonyl-2-methyi-3-(trif luoromethanesulfonyl)oxybenzoate and 1 .97 g 
(5.3 mmol) of 3-methyl-5-(tributylstannyl)isoxazole were dissolved in 20 ml of dioxane, and 0.58 g (14 mmol) of lithium 
45 chloride, 0.1 g of tetrakis(triphenylphosph ine)-palladium-(O) and 0.01 g of 2,6-di-t-butyl-4-methyl phenol were then 
added, followed by stirring at 140°C for 3 hours in an autoclave. After the solution was allowed to cool, insoluble sub- 
stance was removed by filtration, and the solvent was distilled off under reduced pressure. Afterward, the solution was 
purified by using a silica gel column chromatography to obtain 0.74 g of methyl 4-methanesulfonyl-2-methyl-3-(3- 
methyl-1,2-isoxasol-5-yl)benzoate. Yield = 53%. 

50 



55 
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(Reference Example 3) 

Preparation of 4-methanesulfonyl-2-m ethyl -3-(3 -methyl- 1,2 -isoxazol-5-y I) benzoic acid 
5 [0073] 



10 




CH:, 



NaOH 



HO 



CH 3 A 



C >-S0 2 CH 3 



15 



20 



25 



30 



35 



[0074] 3.11 g (10.1 mmol) of methyl 4-methanesulfonyl-2-methyl-3-(3-methyl-1.2-isoxazol-5-yl)benzoate was dis- 
solved in 30 ml of methyl alcohol, and 30 ml of a 1 1M aqueous caustic soda solution was then added, followed by stirring 
at room temperature overnight. The resulting reaction mixture was poured into ice water, and then acidified with con- 
centrated hydrochloric acid. Next, the precipitated crystals were collected by filtration, washed with water, and then 
dried to obtain 2.85 g of 4-methanesulfonyl-2-methyl-3-(3-methyl-1,2-isoxazol-5-yl)benzoic acid. Yield = 96% and m.p. 
= 242 to 244 °C. 

(Preparation of Compounds to be Used for Comparison) 

[0075] A compound A for comparison purpose is described in WO 93/1 7083 Gazette, and compounds B and C are 
the compounds described in WO 96/26206 Gazette. Also, a compound D is the one given as an example in WO 
96/26206 Gazette. The compound D was prepared according to the same method as described in the Example 1 by 
using 4-methanesulfonyl-2-methyl-3-(3-methyl-1 ,2-isoxazol-5-yl)benzoic acid, which is prepared in Reference Example 
3, and 1,3 -dimethyl -5- hydroxypyrazole as a starting raw material, m.p. 137-139 °C. 
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HO g CH, 



CH -j -N 



[ A } 




40 
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-v^V^--; >-so 3 ch, 
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CH, 



cc: 



50 



55 



{Advantageous Effect of the Invention) 

[0076] The compounds of the present invention can provide a high herbtcidal activity even in both application manners 
including soil treatment and foliar application under upland crop farming condition, and they are effective for various 
kinds of hazardous weeds, such as giant foxtail, cocklebur, pigweed and wild oat. These compounds of the present 
invention include compounds which are selectively non-toxic to crops, such as corn, wheat, barley, soybean and cotton. 
[0077] Furthermore, the compounds of the present invent ion include compounds which can give a plant growth reg- 
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ulating activity, such as a growth retardant action, to useful plants such as agricultural crops, ornamental flowers, fruit 
trees, etc. 

[0078] In addition, the compounds of the present invention particularly have the excellent herbicidal effect on weeds, 
such as barnyard grass, Cvperus difformi s. Sagittaria trifolia and Scirous iuncoides. and have a selectivity to rice plants. 
5 [0079] Moreover, the compounds of the present invention can be applied to the prevention of weeds in orchard fields, 
lawns, railway passages, vacant lands and the like. 

[Herbicide] 

10 [0080] The herbicidal composition according to the present invention contains one or more compounds of the present 
invention as the active components. When actually applied, the compound of the present invention can be used in a 
pure form without adding any other components, and for the purpose of using the compounds of the present invention 
as a plant protection chemical, the compounds of the present invention can be used in a form of formulation customarily 
employed for plant protection chemicals, i.e., wettable powders, granules, powders, emulsifiable concentrates, water 

is soluble powders, suspension or f lowable formulations. As an additive and a carrier which can be used in the case that 
a solid agent is intended, plant-oriented powders, such as soybean powder and wheat powder, mineral fine powders 
such as diatomaceous earth, apatite, gypsum, talc, bentonite, pyrophylite and clay, and organic and inorganic com- 
pounds such as sodium benzoate, urea and Glauber's salt, can be used. In the case that a liquid-type formulation is 
intended, a solvent, for examples, petroleum fractions such as kerosine, xylene and solvent naphtha, cyclohexane, 

20 cyclohexanone, dimethylformamide, dimethyl sulfoxide, alcohols, acetone, trichloroethylene, methyl isobutyl ketone, 
mineral oils, vegetable oils and water can be used. In order to secure the formulation to uniform and stable condition, a 
surface active agent can be added, if necessary. 

[0081 ] The concentration of the active component in the herbicidal composition of the present invention depends upon 
the form of the above-mentioned agent, but for example, in the case of the wettable powder, it is in the range of 5 to 
25 90%, preferably 10 to 85%; in the case of the emulsion, it is in the range of 3 to 70%, preferably 5 to 60%; and in the 
case of the granules, it is in the range of 0.01 to 50%, preferably 0.05 to 40%. 

[0082] The wettable powder or emulsion thus obtained is respectively diluted to a predetermined concentration with 
water to obtain a suspension or an emulsion, and the granules can be directly sprinkled on or mixed with a soil before 
or after the germination of the weeds. In fact, when the herbicide of the present invention is applied, a suitable amount 

30 of the active component to be applied is 0. 1 g or more per hectare. 

[0083] Furthermore, the herbicide of the present invention can be used by mixing with any of known fungicides, insec- 
ticides, acaricides. other herbicides, plant growth regulators and fertilizers. In particular, when the herbicide of the 
present invention is mixed with the other herbicides, the amount of the herbicide of the present invention can be 
reduced. In addition, the employment of the herbicide of the present invention leads to the reduction of labor, and higher 

35 effects of the present invention by the synergistic effect of the mixed agents can also be expected. In this case, it is also 
possible to combine the herbicide of the present invention with a plurality of the known herbicides. 
[0084] Examples of the agents which can suitably be mixed with the herbicide of the present invention include anilide- 
containing herbicides, such as diflufenican and propanil, chloroacetanilide-containing herbicides, such as alachlor and 
pretilachlor, aryloxyalkanic acid-containing herbicides, such as 2,4-D and 2,4-DB. aryloxyphenoxyalkanic acid-contain- 

40 ing herbicides, such as diet of op-methyl and fenoxapropethyl, arylcarboxylic acid-contaning herbicides, such as dicamba 
and pyrithiobac-sodium, imidazolinone-containing herbicides, such as imazaquin and imazethapyr. urea-containing 
herbicides, such as diuron and isoproturon, carbamate-containing herbicides, such as chlorpropham and phen- 
medipham, thiocarbamate-containing herbicides, such as thiobencarb and EPTC. dinitroaniline-containing herbicides, 
such as trifluralin and pendimethalin, diphenyl ether-containing herbicides, such as acifluorfen-sodium and fomesafen, 

45 sulfonylurea-containing herbicides, such as bensulfuron-methyl and nicosulfuron, triazinone-containing herbicides, 
such as metribuzin and metamitron. triazine-containing herbicides, such as atrazine and cyanazine, triazopyrimidine- 
containing herbicides such as flumetsulam, nitrile-containing herbicides, such as bromoxynil and dichlobenil, pyridazi- 
none-containing herbicides, such as chloridazon and norflurazon, phosphoric acid-containing herbicides, such as 
glyphosate and glufosinate, quaternary ammonium salt-containing herbicides, such as paraquat and difenzoquat, cyclic 

so imide-containing herbicides, such as flumiclorac-pentyl and fluthiacet-methyl, other herbicides, such as isoxaben, etho- 
fumesate, oxadiazon, quinclorac. clomazone, sulcotrione, cinmethylin, dithiopyr. pyrazolate, pyridate. flupoxam, benta- 
zone and benfuresate, and cyclohexanedione-containing herbicides, such as sethoxydim and tralkoxydim. Moreover, to 
a combination of these active components, a vegetable oil or an oil condensate can be added. 

55 
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[Examples] 
[Herbicide ] 

5 [0085] Now, some formulation examples for the herbicidal composition according to the present invention are 
described hereinbelow, however, the active component compounds, additives and the addition ratio should not limited 
to the scope described in these examples and those can be altered or expanded in a wide range. In the formulation 
examples, " part(s)" means "part(s) by weight". 

10 (Example 2) Wettable powder formulation 

[0086] 



Compound of the present invention 


20 


parts 


White carbon 


20 


parts 


Diatomaceous earth 


52 


parts 


Sodium alkylsulfate 


8 


parts 



[0087] These materials were uniformly mixed, and then finely ground to obtain a wettable powder containing 20% of 
the effective component. 

25 (Example 3) Emulsifiable Concentrate Formulation 

[0088] 



Compound of the present invention 


20 


parts 


Xylene 


55 


parts 


Dimethylformamide 


15 


parts 


Polyoxyethylene phenyl ether 


10 


parts 



[0089] These materials were uniformly mixed and dissolved to obtain an emulsion containing 20% of the effective 
component. 

40 (Example 4) Granular Formulation 

[0090] 



Compound of the present invention 


5 parts 


Talc 


40 parts 


Clay 


38 parts 


Bentonite 


10 parts 


Sodium alkylsulfate 


7 parts 



[0091 ] These materials were uniformly mixed, finely ground, and then granulated to obtain granules having a diameter 
55 of 0.5 to 1 .0 mm and containing 5% of the effective component. 
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[Test Examples] 

[0092] Now, test examples regarding the herbicidal effect of the herbicide according to the present invention are 
described hereinbelow. 

5 [0093] The herbicidal effect was evaluated in accordance with the following evaluation criteria, and it is represented 
by each index expressing the strength of a herbicidal composition. Evaluation criteria : 



w 



15 



Weed killed in % 


Herbicidal Index 


0% 


0 


20-29% 


2 


40-49% 


4 


60-69% 


6 


80-89% 


8 


100% 


10 



20 

[0094] Furthermore, values of 1 , 3, 5, 7 and 9 mean values between 0 and 2, 2 and 4, 4 and 6, 6 and 8, and 8 to 10, 
respectively. 

25 (Fresh weight of shoots in non-treated plot - Fresh weight of shoots in a treated plot) ino 
%of killed weeds- Fresh weight of shoots in non-treated plot x10 ° 



(Test Example 1) Foliar Application to Weeds Grown in Upland Crop Fields 

30 

[0095] Pots in a size of 200 cm 2 were filled with a soil, and seeds of velvet leaf, pigweed, cocklebur, giant foxtail and 
corn were planted in the pots, respectively. After the seeds were covered with the soil, they were allowed to grow in a 
greenhouse. When the respective plants grew up to a height of 5 to 25 cm, aqueous dilute solutions of the emulsion 
shown in Example 3 containing sample compounds were sprayed on stems and leaves of the weeds by using a small 
35 sprayer so that each active component in an amount of 250 g/ha was applied into each pots. After 3 weeks, the herbi- 
cidal effects of the respective compounds to the weeds were inspected, and the results are shown in Table 2. 
[0096] It is shown that the compounds according to the present invention provide excellent herbicidal activity against 
various types of weeds, and, in particular, are having an high selectivity to maize plants which does not give harmful 
effect thereon. 

40 



Table 2 





Compound No. 


Velvet leaf 


Pigweed 


Cocklebur 


Giant Foxtail 


Maize 


45 


20 


10 


10 


10 


10 


0 




23 


10 


10 


10 


10 


0 




A 


6 


8 


10 


9 


2 




B 


7 


2 


10 


6 


0 


50 


C 


10 


7 


10 


10 


4 




D 


10 


10 


9 


10 


7 



55 Possible Industrial Use 

[0097] As described above, a compound of formula [I] has an excellent selectivity in its herbicidal activity to crops and 
weeds, and particularly, it is selectively safe to maize plants. Therefore, a herbicidal composition comprising the com- 
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pound according to the present invention can be useful as a selective herbicide for weed control in maize fields. 
Claims 

5 1 . A compound of formula [I]; 



10 



V R J 

w 

HO Q RL^O'* 



C I ) 



N 



75 



or a salt thereof in which R 1 is a Ci.$ alkyl group, R 2 is a halogen atom, a C-|.e alkylthio group, a C^g alkylsulfinyl 
group or a C^e alkylsulfonyl group, R 3 and R 4 are each independently hydrogen, a C^g alkyl group or a C^g 
haloalkyl group, and R is hydrogen or a C^.g alkyl group. 

20 2. A compound according to claim 1 , in which R 1 and R 3 are methyl, R 2 is chlorine or methylsulfonyl, R 4 is hydrogen, 
and R is methyl or ethyl. 

3. A herbicidal composition, characterized in that it contains as active agent one or more compounds of formula [I]; 



25 



30 



V R' 



HO 




R ' 




C I ] 



35 



40 



45 



50 



or salts thereof in which R 1 , R 2 , R 3 , R 4 and R are as defined above. 



55 
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